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ABSTRACT 


Four l-pyrazolines have been synthesized by the stereo-_ 
specific cycloaddition of diazomethane to an olefin. They are cis 
and trans-3,4-dimethyl-l-pyrazoline and their -5,5-dideuterio 
analogues. 

The kinetic behaviour and the distribution of the 
products in the thermal decomposition of the pyrazolines have been 
examined. It is concluded that the substituted trimethylene 
intermediate, which is a singlet, exists as an entity in the thermal 
decomposition of the l-pyrazolines. 

On the basis of the calculations, from the nmr integrations 
of the component 2-methyl-2-butene obtained from the thermolysis of 
the pyrazolines, it was concluded that ring closure was not stereo- 
specific. 

The conclusions drawn from previous work has been 
supplemented by the stereospecific synthesis of 2-methyl-2-butene- 


1,1,1,3-d, for the purpose of exact nmr assignment of the various 


4 
methyl groups. 
It is concluded that the singlet trimethylene species 


produced from pyrazoline thermolysis is not an intermediate in the 


addition of singlet methylene to olefins. 
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CHAPTER 1 
DNeieR DU Cel LON 


] 
Skell was the first to suggest a mechanism for the addition 
of methylene to double bonds. Singlet methylene might add toa 
double bond in a single three-centered concerted step since such a 


step could occur with spin conservation: 


yee +x,crN es 


es 7 
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Conversely, it was reasoned that addition of a triplet might be 
expected to involve the separate bond-making processes, with spin 
inversion being a discrete intermediate step. 

Since spin inversion is expected to be slow, it was presumed 
that single bond rotation in the intermediate would destroy the steric 


relationships originally present in the olefin: 
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Because methylene generated by direct photolysis of diazo- 
methane adds stereospecifically to alkenes, as shown by Skell and 
Woodworth! , and Doering and La Elainme- , it has been inferred that 
a singlet species is involved. Some of the data leading to this con- 
clusion are to be found in Table lI. 

Methylenes produced by irradiation of diazomethane in the 
vapor phase in the presence of a high pressure of inert gas gives 
non-stereospecific addition to the 2-butenes as shown by Anet, Bader 


and Van derAtiwere> , and also by Er dy 5! Similar results were 
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obtained by Kopecky , Hammond and one Te eee when methylene was 
producedbytriplet sensitized photolysis in solution by using benzo- 
phenone. 

Interpretation of all the above results have been based on 

Skell's hypothesis. Sensitized reactions should produce the triplet 
species. Skell's hypothesis has been questioned for the following 
reasons: 

(a) Lack of a firm basis for the presumption that rotation 
about single bonds will necessarily be much more 
rapid than spin inversion. 

(b) It is not at all certain that addition of singlet methylene 
to a double bond must be a one step process just because 
it might be without violating spin conservation (consequently 
one could readily conceive of both stereospecific triplet 
addition and non-stereospecific singlet addition). 

(c) Finally as was clearly pointed out by ree , the cyclo- 
propane formed by addition of singlet methylene to an 
alkene with conservation of energy would be ''hot'' enough 
to undergo a variety of isomerization reactions if it were 
not deactivated rapidly and efficiently. 

Butler and Kistiakowsky ! have studied the addition of methylene 

to cyclopropane. Methylene was generated from diazomethane and 


from ketene at various pressures with and without added inert gases. 
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They obtained all the isomerization products and not just methylcyclo- 
propane. Whenthe system was cooled to the equilibrium state they 
found that the ratio of butenes to methylcyclopropane decreased as the 
pressure was increased (more deactivation by collisions). They also 
obtained more butenes when methylene was generated from diazomethane , 
thus it is expected to be in a higher state of excitation than that produced 
from ketene photolysis. 

Brey studied the effect of inert gas on the reaction of methylene 
with isobutylene. He came to the conclusion that the attack of eens 


on the isobutylene initially forms three products: 


: CH, a = saa aS vA 


In the same way, he considers the attack of methylene on trans-2-butene 
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and in the gas phase the hot trans-1 ,2-dimethylcyclopropane (DMC) 


can isomerize to: 


k 

or 8 
deactivation 
by collision 


% 


Similarly "hot" cis-DMC can either isomerize or be deactivated. Hot 
cis- and trans-2-pentene can also isomerize to each other or be 
collisionally deactivated. Hot 2-methyl-2-butene will not give isomer - 
ization under these conditions. 


That the yield of cis- and trans-1,2-DMC goes through a 


maximum as the pressure decreased was accounted for by the assumption 
that the geometrical isomerization is much faster than structural 


isomerization 


4 


Frey~, in another paper , claimed to have obtained another effect 
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of inert gas on the reaction, and that is: 
Pigs ctistaptcd>s tit 
p 2 srt ‘i MN 
i.e. change of spin state prior to the reaction of methylene with the 
olefin, cis-2-butene. At low pressure and in presence of oxygen, 


he obtained: 
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The most important product was 3-methyl-l-butene. This 
species cannot be formed by direct insertion, but must arise from 


rearrangement of some primary product, for example: 


z 


ays CH ast \—/ —> C—C—H —_=>> CH, =CHCH(CH.) 
2 ve 2 3 
H — 
Rabinovitch” measured the relative amounts of cyclopropane- 


and propylene formed at various 


cis aca and cyclopropane-trans -d, 


total pressures. The ratio of ketene/ethylene in this experiment 
was kept constant, so that the average degree of thermalization of 
methylene before reaction with etheylene should be constant. At high 
total pressure, the amount of propylene produced was constant and 
about fifteen percent. The yield of trans- cyclopropane -d, approaches 


zero at high pressure, but still changes significantly at 2000 mm, where 
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the propylene yield was reduced to its limit value. 
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Benson “ has attempted to fit the data to the mechanisms: 
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The kinetic parameters from thermal isomerization of cyclopropane 


are: 
Reaction log A E. (kcal/mole) 
2 3.20 8 
3 l¥vs2 Web 
4 16.0 64.5 


Benson demonstrated that the relative rates of ring closure, rotation, 
and rearrangement to propylene can be estimated for any presumed 


energy content of the trimethylene diradical using the Rice-Ramsberger- 


POL) 
‘Kassel Theory: 
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EF = exothermicity of addition + nRT 


He found 3e— 25) 5+ 7/2°2329 7rat 300°, and thus at 300°K he demonstrated 
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At high pressure, where no reopening of the cyclopropane will 


< 


occur, the yield of propylene might well be expected to be 10% or less. 
This conclusion is certainly compatible with the data of Rabinovitch, 
and suggests the possibility that some propylene formed at high 
pressure might come from a diradical as well as by direct attack on 
C-H bonds. 

At low pressure much propylene would be produced both by 
rearrangement of the initially formed diradical, and by reentry of 
the cyclopropane into the reaction scheme via reaction 4. 

However, it was argued that this was no solution to the problem, 
since about 50% of the propylene must come from cyclopropane at the 
low pressure limit, one thus is left to decide whether cyclopropane 
preceeded the diradical or vice versa. Benson and De ed maintain 
that if the rate of rotation of the diradical is low enough, stereospecific 
ring closure would occur. Hammond and Gadpart? argued this point 
and stated that they cannot see how kinetic parameters for the rotation 
process can be chosen so as to make this a real possibility. They 
believe that stereospecific addition in the vapor phase demands that 
addition involves simultaneous Soda dd of two bonds. Sucha 


reaction could only be an adiabatic process if the attacking species is 
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a singlet. 

The purpose of our work is to correlate the mechanisms 
involving thermolysis of 1-pyrazolines, isomerization of cyclopropanes 
and singlet methylene addition to double bonds. The factors controlling 
the Pere ae ticity of the pyrazoline thermolysis products are 
established. The same factors are suggested to control those of 
cyclopropane isomerization and singlet methylene addition to double 


bonds may also be in this category since: 


hy a5 | 
(1) [P24 cy, > hes a ‘sig Ref. 8 


“ high press. 
CH, of C,H, 85% 15% 
(2) Il <= A ac aD Ref. 8 
10% LB Maley 90% 


(3) I es "eS ak iN Ref. 13 
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CH 
89% 11% 


A singlet methylene is expected in reaction (1), an isomerization in 
reaction (2), and (3) is a thermolysis reaction where a singlet trimethyl- 
ene is expected as an intermediate. The similarity of the yields of 

the three processes suggests that all three may proceed through a 
common intermediate. Crawford and Mishra A have suggested that 


reaction (3) goes to the products through the species: 


iw see eS 
ot NM > Pit 
TARY i \}} 

' Cae 

aa i! au ‘ 


smeinedsom od? ste{o1709 of ai aizow) 10) 
azensqotqoloy> to adiissitscnoel aren to « 
grilior109' axotost odT =. abnod sidvob of mc 

ots atoubotg eieylonrzeds satloss neq 28 20 ¥ 


“Yo ORD . . ae 
~~ a | 


ihe a 


aah: 


alive o3 sottibbs enslydiom 
TAsb Ob 
wo | 
_ 


reoaia yrogetss Bids ated oals yas ay Ne 
} My Es 
| | rh eae 

, m 4 gt 7 

"i ae 


i aon] . 
b - % 7 mn 
‘gh re “iy 
‘. gH ‘ 
é “ht Bare & 
1s ae ye es ey eee 


a ed 


, 


| oy “ny a 
_ [yitennit tolgaie s stedw noitoae® i We 0) oe eed a OF o 
pin ccennaenaasiamabashand tit ine 
to eblsiy odd = ; ‘ 4 “i a a z ar ae 


ia 
e 


ay Lao prod ae 


1] 


They demonstrated feasibility of that intermediate on the basis of the 
isotope effect when they put deuterium on the C, position of the l- 
pyrazoline molecule. The isotope effect was a secondary one on the 
rate-determining step, and a primary one on the product-determining 
steps. They also observed that conrotation is more favored than dis- 
rotation when the intermediate rearranges to the products. 


However , there are three possible states for the intermediate: 


el ie ae (en 
i ? i; “ ie 


orbital calculations that the antisymmetric species (A) is more stable 


A S Triplet 


14 has concluded from extended Htickel molecular 


Hoffmann 
than the symmetric one (S), and exists with a C304Cs5 bond angle of 
approximately 120-125°. This is advantageous in that it is the 
predicted species from orbital symmetry considerations of the pyra- 
zoline thermolysis process and is capable of explaining the prevailing 


conrotation for the cyclopropane-forming reaction, as observed by 
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Crawford and wisneat 


The nature of the intermediate of the 
thermolysis of cis-3 ,4-dimethyl-1l-pyrazoline (I), and trans-3 ,4- 
dimethyl-1-pyrazoline (II) is thus suggested to be a singlet species, 


and antisymmetric. 


H Hi 
3 CH 


(I) (II) 

Crawford and Mishra gave the interesting comparisons 
between the product distributions of the isomerization of cyclo- 
propane and the thermal decomposition of 1-pyrazolines in Table II. 

We are now in a situation that requires explanation of the 
main factors that determine the stereospecificity of the products 
arising from the previous precesses. A good deal of such study 
has been made by Crawford and Mishra. They concluded that 
there is a folding of the pyrazoline ring to accommodate the insipient 
sp- hybridization of the Cz and C, centers which will in effect have 
the two developing p-orbitals parallel to each other. Thus they 
expected that the plane of C,0,C5 be almost perpendicular to that of 
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The thermolysis of cis- and trans-3 ,5-dimethyl-1-pyrazoline 


gave the following: 
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As both conrotation and disrotation are allowed on symmetry consider - 
ations of initial and final states in the cyclopropane forming step, it 
is obvious that conrotation is favoured over disrotation in the above 
example. 

Further support given by Crawford and Mishra that the transition 


state resembles the one suggested, is the kinetic data in Table Ill. 
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TABLE III 
1-Pyrazoline Aaa AY) 


4-Methyl-1-pyrazoline 


4 ,4-Dimethyl-1-pyrazoline 


4 ,4-Dimethyl-1-pyrazoline decomposes at 1/130 of the rate of 1-pyra- 
zoline, even though one methyl group introduced into the 4-position has 
little effect upon the rate. The introduction of the second methyl 

group places a methyl on Cy on the same side as the departing nitrogen 
in the transition state. Thus the reaction rate is decreased by making 


the desired transition state less available. 
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CHAPTER 2 
DEEINITVIION OM pT DESPROBIORM 


The formation of a singlet trimethylene species as a detectable 
intermediate in the thermolysis of 1-pyrazolines suggests that these 
Same species may be involved in the addition of singlet methylene to 
olefins. Skell's hypothesis states that singlet methylene addition to 
olefins is stereospecific, and that the two new carbon-carbon bonds 
are formed simultaneously. We have undertaken the problem of 
determining whether or not the substituted trimethylene species 
generated by the thermolysis of cis- and trans-3 ,4-dimethyl-1- 
pyrazoline are capable of a stereospecific ring closure, and are 
capable of existence as entities in the addition of singlet methylene 
to olefins. This requires an assessment of the geometry of the 
intermediate species produced as well as the products and the starting 


materials. 
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GHAPIER 3 
RES UIATS AND DISCUSSION 


A. Synthesis and Structure of the Pyrazolines 


For this work, four different 1-pyrazolines were synthesized: 


(I (I-d,) 


(11-4,) 


(II) 


The addition of diazomethane to simple olefins has been reported to 
give pyrazolines“°. Compounds (I) and (II) were obtained by the 
addition of an ethereal solution of diazomethane to cis- and trans-2- 
butene respectively. Compounds I-d, and II-d, were obtained by 
the addition of an ethereal solution of dideuteriodiazomethane to 

the same olefins. 

The infrared spectra of I and II are given in Figures 1 and 2 
respectively. The presence of the azo group is indicated by the 
absorption Vos at 1545 coe The ultraviolet spectra of I and II 
are shown in Figure 3. The absorption at 3233 A in methanol indicates 
the azo chromophore. The high resolution mass spectrum of compound 
I, Figure 4, gave 98.0848 as the molecular weight of C,H oN, 
(calculated: 98.0844). The nmr of compounds I, II, I-d, and II-d, in 


carbon tetrachloride are given in Figures 5, 6, 7, and 8. The chemical 
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Ultraviolet Spectrum of cis- and trans-3 ,4-Dimethyl-1-pyrazoline. 
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shifts and the coupling constants of all the protons of I and II are given 


in Table IV. 


(CH) 


The results in Table IV were assigned from the 100 MHz 
spectrum of I-d, and Il-d, where the AB pattern of protons in Cy is 


eliminated by deuterium substitution. The decoupling technique was 


also used to confirm the assignments. 


B. Analysis of the Thermolysis Products 

Since all thermolysis products of the 1-pyrazolines are volatile, 
a suitable method for handling them with a minimum loss was required, 
thus the bulb crusher technique de was used. The compound to be 
studied was pyrolyzed in a small bulb which then.was broken inside a 
heated port through which the carrier gas was allowed to flow so that 
all of the products were carried into the detector. Four microliters 
of the pyrazoline to be examined was put inside a pyrex bulb of 
approximately 0.2 to 0.4 milliliters capacity. The sample was 


completely degassed using a high vacuum system by alternate freezing 
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TABLE LV 


Coupling constants and chemical shifts of I and II. 


Compound Coupling Constant, cps Chemical Shifts, “| 
I Ja = 16.8 
Dac = 4.7 H = 5.83 
a 
ta = 2a Hi = 5.89 
Ue z 6.5 He = /69L 
H =e oO 
aor = Lee q 
(CH. ) = 8.58 
modes. 0755 as 
' (CH) ¢ sit*O72/ 
ck = 70 
Tae = Wheres} 
ime 
van = 16> 
H =z 5,4] 
Jac = 8.0 - 
: A me eo 
SOG ant H = 8.50 
c 
J 
be = 6.6 Ha riled see 
C See tsircal 
ae = eae ae as 
(CH. ) = +903 
c 
ees = 8.5 : 
ed = Se 


Note: a related to an AB system. 
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and melting, and then subsequently sealed. The sealed bulb was then 
suspended inside the vapour of a refluxing liquid until the thermolysis 
was completed. 

Four different columns (or combinations of columns) were used 

for the analysis of the thermolysis products: 

Column A: 8 meters of 23% 2,5-hexanedione + 2 meters 
silver nitrate-saturated propylene glycol on 
fluoropak. 

Column. B: 24 ft silver nitrate-saturated propylene glycol 
on firebrick. 

Column C: 10 ft 20% dimethyl sulfolane (DMS) on fluoropak. 

Column D: 10 ft 20% DMS + Column B 

Because the best resolution of g.c. peaks was obtained on 

column D, the results of thermolysis analyzed using that combination 
of colurrins are reported. Table V shows the products and their 
percentages of the thermolysis of the pyrazolines IandII. The 
differences in the percentages of each component on columns A, 

B and.C, and with the more reliable results on column D, are 
attributed to the poor resolution of the g.c. peaks on the first three 


columns resulting in errors. 
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TABLE V 


Analysis of the Thermolysis products 


\ : ) 0 0 
i A 43.64 33.00 


343. 20 


D* R. Moore using a break seal method. 


Table VI shows the conditions and the retention times of the 
products on the four columns. 

The thermolysis temperature did not ere any appreciable effect 
on the product composition. This was confirmed when samples were 
pyrolyzed in a stainless steel reactor (see kinetic studies) and then 


analyzed. The temperature range from 210-235°C had no effect. 
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TABLE VI 


Conditions and retention times of the thermolysis products. 


Retention Times in Minutes 


1F low rate 


Note: Helium was used as the carrier gas. 


The extent of thermolysis also had no effect on the product 
composition. This was confirmed when three samples were pyrolyzed 
for five, ten and fifteen half-lives. The results were within £1% 
when comparing each component from the three runs. 

The identification of the thermolysis products was based on: 

(a) Comparison of the retention times of the products with 


those given in the literature“ for the C_ hydrocarbons. 


5 
(b) Each peak in the g.c. was trapped in a cold trap, and the 
nmr andIR spectrum of each was obtained. 


Figures 9, 10, 11, and 12 show the IR of each product compared with 


an IR spectrum of the expected authentic sample. 


283 y toints> edt ax Been i 


indies oda no tostts on bad owls sieylonssod adie 
besylotyq stew selqmse se1dt aedw pperiteps ce vt i 
i Oe cideincesow atasnee ait . evil gost | 
.eaut gotdt oni ¢ | 


ito beesd sw amaieny a> ac cioreknaeatt 


— 
> 2 + i : 


d3iw etouborq ‘tite secnit wartataten: . aera a 
08 baw 


pepe ery Papen wn “Fesongnest st neti ye ayia . 
. ‘ in Paste ae Ve 
“od bas Lass ses a as tous an i at Hite at os an Pad 14 ace a 
ya, eaten one y Oe ae yo ree Re if 
.bonisido asw to ee ae 

? fag ae tute Oana “an A 4 tas ‘a 


‘dtiw be tsqimo2 jaubo tq dose to Ml 6. w 
isgtte at batt DM TESH bis Aes 


29 


‘(uo1jo0s stskTeue oy} UI Y UUINTOD 99S) aUOIp sUeKSYy-G* 7 WOAF Ajewreu ‘ stshyeue 
ay} UL pesn UUINTOS ey} WiOAs BuIWIOD Sst WiNAjDeds UMOUAUN 9} Ul (tAuoqaied) uorDIW ¢2°G yeod eUT, x 


‘autjozeashd-] ay} Jo uoTIIsodu109 sp [eUIt9Yy; oY} WOLF poutej}qo yUSUOdUIOD 9Y} 0} SIOFOT UMOTTYUN PIOM OUT 


-atdwieg otjueyyny ue YIM souT[OzZetAdg 
ay} jo stskjowl1eyy, Wory pourejqgQ euedoadopoAdTAyyoutg- suet Fo earjoodg poazeajuy oy} Jo uostzredwoy 


6 3undis 


wmowsnn / ple 
\ Zo 


es 


pe susyAere eecrrow)* 


® 
2 
Ss <9 = 
w ey ‘ 
. » ate, news +25 —@ eal o 4 - 
BB ini 
g rn 4 is oe bh, 
c 5. a Se 
| 
bad 9 
” i) 
egy 5 
8 = 3 
£6 ° 
= - 
is 
oO © 
EE 
oe i 
ag rat 
3 a wo a 
ra : 
of gs 
wo * aa 
esa @ 4 a 
* 2 - m 
sou ea 
hoe 8B 
ee tae 
c @ 
ee FB 
® 9 ee . =. ’ i 
as 8a x ie 
g e ot ile . viawdl age 4 c i 
4 I.) 
: oe ) 


purrs 


pihe mi Dig iA 


pAresoyis 


| Cousbsire0n of pe TeTLeL6q ebecrrs of 


.% i ” c ‘i i A 
a. > _ ’ fl : 7 
3 i ‘7 h. * } } 
i i -. . i by } 
any uy a satel Wt 1 | . ; 


war bj 


owiveya {Low 5’ p-pexsue giov 


susyAere* 


pe morg AvKYOmMN Lepore fO £PS. cow 


30 


‘(uotjo0s stskTeue ey} UT Y UUINTOD 9es) SUOTp ouexey-s‘ 7 woayz ATowreu ‘ stshjTeue 
ay} UL pesn uUWINTOS dy} WOAF SUTWIOD ST wuinijoeds umouyun oy} ut (dnoads TAuoqsed) uorDtUI €)°G yeod out 


-guijozea/d-] ey} jo uotztsodujooep Teuteyy oy} WO+TF peuteygo yusuodwiod ayy 0} SAezat UmouYUN ps1OM 94 


‘atduiesg styUeyyNY ue YIM soutjozerhkg 
ay} jo stshTow1eyy, WOAF pouteiqO suedo adojpo Ao TAyyoultq-sto jo eryoedg perzeajuy ey} JO uo staedwiosy 


Ol aundig 


Px ) 


4)-————- 


] 
NMONANN 


oLLwAHLOY ba wh 7 


ho he's 


WY Qo'b °g 


Oe 


.entlosstyq- {1 sd3 to ‘moitieoqrio2sb Isarisdt $d3 oro xt bonisido tasmo 


- ‘grit to eieylomrodT mot? bsnisidO sasqotqoloyoiydiemiC-sio to sttioeqe betstial sd? to nositsgmoD 
- F i : gga : <1 Se Fgh Te | 


.gigens2 sitasdiszA as diiw esnifoss1yS ~ 


qos edi o1 exsist nwonslas brow eiT 


sd at bee actvloe of? mos} gnimto> ef mutissgqe aworliau od} at (quotg Iymod1s5) foroinr CY .¢ Aseq sdT* 
(noitose eieyisas sdj3 ni A amufos 992) smoib sasxed-@, S$ mort vlomen \efayisns 


~ 


31 


‘(uotyzoes stshTeue 9Y4} UT VY UWINTOS vas) sUOTp sUexKAaY-G‘ 7 WOAs ATOWRU ‘ stskTeUe 
ey} UL pesn uUINTOS 9y4} WOAF Sur@ui0d st uinajyoeds umouyun oy} ut (dnozs [Auoqzed) uozstw ¢) Gg yeod ay x 
“ouTTOZeIAG- [, 944 JO uOT}ISOduIOd a} [eUITEeYy ey} WOT] peutejyqo yuauOdWIOD 9y} 0} S1oJazT UMGUYUN psoOM ayy, 


‘atdwies otjusyNYy ue YIM 
soutjozerhq oy} Jo stsk[OUlleyy, WOLF poutejqg sueynq-7-TAyJeP-7Z Jo e1390dg poaeajsul 041 Jo uostaedwoy 


il SENDS 


2 


- 


7 = 


a * 


asnifoss1ya sdf to eieylommredT mot? benisidO sitotud-S-[yitsM-S to s1iseqe botstial orit to 
.siqrise citmedivA as dtiw ae 9 
‘ ; ; " — 4 ¥ 


i : 


(tort bsnisido tneaogmos sdi ot erstst awdnay btow sdiT "* 


- 


(qxo'%g Iynodts5) aorsiny EF -e Assq “ee 
_S most ylomen , eieyisas 


ww 
> _onifosstyd- f' ed? to noitieogmioos) [sarred3 oilt 
ed} ni bseu amulos odi mot gote¢mo > 2: murtiosge mtwondtine oct me 

.(noitose eieyisns edi ai A amulos ss2) smoih sasxen-¢ 


ie 


‘(uo1j09s stskTeue OY} UT Y UWUINTOS 9es) suoIp suexeYy-G‘ Zz Woaz ATOUIeU ‘ sIsATeUe 
9y} UI pesn uUINTOS 94} WOA BUTWIOD st WINajoeds UMmOUYUN 9y} UT (dno1s [AUOGIed) UOTOTW gy ‘Gg yeed ST, 


-auttqzeahd-[ oy} JO uoTysONWO.ep [eUITEY, 94} WOIZ pouTe}qoO JUSsUOdUIOD 94} OF SLOFOT UMOUYUN PLOM 9 I, 


‘atdwmies o1ju04 NY ue YIM 
souttozerkq ay} Jo stskjow sey], wor 


peutejqg oueing-{-TAyiep-z jo e1j00dg porzeajuy ey} Jo uostazedui0oy 


2! 3YuNdIs 


NMon ANN | 


JUNSHLAY 


S€ 


esnilosstyd ont to siaylortedT: mort beni 


etildsdtyq-1 sxi3 
ot ait bsex amulos 9si3 


to moitieoymrooeb Iseried? eft mort beats 


oro tt gaimos ei muiiooqge aworminn 2 


(nortoge sieyisas od ni A aomlos 992% 


wa 
) a 
a. 
> 
‘ - i 
a 
) Za 
~ 
5 
« 


ie 


s3idO onetud-i-iydieM-S to etioeqé bets tial sd} to sositsqmoD 
.glqeise citmedivA 16 dtiw . a 


do inemoqmo> adi of etetet awooday brow 9dT 
dt ai (quotg [ynod1s9) mo1toion EY .2 Asoq oAT* 
) smoib sasxed-¢, S: mot yiemsn', eieylsas 


35 


C. Kinetic Measurements 
Ramsberger“? and Overberger“* have studied the kinetics of 
azomethane and its simple alkylated derivatives. The most convenient 


way for measuring the rate of decomposition of a compound accompany - 
ing a pressure change is to measure the rate of change of pressure in 
a static system, provided the stoichiometry of the decomposition is 
known. The aliphatic azo compounds, like our system of 1-pyrazolines, 
give on thermolysis one mole of nitrogen and one mole of volatile 
hydrocarbon products ,thereforethis was the kinetic method chosen 
for our system. The reactor which was designed by Smith and 
Enron eee in the study of the thermolysis of esters in the gas phase 
has been used in our study. 

An electromotive force (emf) can be generated by mechanical 
displacement caused by pressure. The relationship is given by the 


expression: 


EF = ap +b (1) 
E = emf 
p - pressure 


where a and b are constants depending on the geometry of the transducer. 
The rate of change of EF corresponding to the rate of change of p can be 
continuously recorded on a chart paper moving with a calibrated speed. 


For a first order gas phase reaction of the type: 
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it is known fatat%e: 
2203 Po - Ps 
k => — log |— (2) 
a a 
t Poe Pi 
k = the first order rate constant 
t = time from the beginning of the reaction when the actual 
erat! 
pressure is p, 
- a 
BP Pa? Pe (3) 
P = pressure actually observed 
P, - pressure required to push the diaphragm 


from its normal position to touch the needle 
From expressions (1) and (3): 
E Peahalpt sawp a@eiek (4) 


oT b—<--b 


2.303 FAILED 
1.4 log (5) 
t Eo tf) Ey 


Equation (5) can be solved numerically or graphically to give 


the value of k. E, was taken as the value of E measured after more 


than seven half lives of the reaction, i.e. more than 99% decomposition“! 


The easiest way to solve the linear equation (5) is by graphical 


plot of log (Ee - FE) versus time, so that the slope is given by 


k 
oes 


, where k can be readily evaluated. 
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The activation parameters were obtained from the Arrhenius 


equation: 
pe Ae-Ea/RT 
EF. = activation energy 
A = the frequency factor 


Equation (6) can be rewritten as: 

logk = -E,/2.303RT + log A 

Thus plotting log k versus 1/T give E,/2.303R as the slope, 
and log A is the intercept. 


Table VII summarizes the kinetic parameters. 


TABLE VII 


Kinetic data. 
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D. Determination of the Geometry of the Intermediates Involved 
The kinetic data of the thermolysis reactions given in Table VII 
indicates that compounds I and II proceed with activation energies 


fot COW 


similar to those of previously studied pyrazolines The secondary 


kinetic isotope effects observed imply that the primary carbon to nitrogen 
bond is also breaking in the rate determining beet be : at The products 
produced by thermolysis of I and II their proportions are indicated in 
Table VI . 

At first glance, Table VI would appear to indicate that the 
thermolysis is not stereospecific. However, if we consider in detail 
the nature of the intermediates arising from the thermolysis of I and II, 
we find that both isomers are capable of decomposing via two intermediates 


III and IV (Scheme A): 


Scheme A 
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Previously we observed that olefins can be predicted to arise from 
each of these intermediates and as a result, the 2-methyl-2-butene pro- 
vides a unique solution to the problem of what fraction of the cis-3 ,4- 
dimethyl-1-pyrazoline (I) thermolizes through intermediates III and IV. 

If we use I-d, the position of deuteration in the 2-methyl-2-butene pro- 


duced is dependent upon the intermediate used, III or IV (see Scheme B). 


Scheme B 
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Thus the thermolysis of I-d, would produce trans-2-methyl-2- 
butene-1 ,1-d, (V) via the intermediate III, and cis-2-methyl-2-butene- 
1 »1-d, (VI) vialV. Similarly II-d, would produce V or VI depending 
upon the preferred conformation in the transtition state (Scheme C). 
The 100 MHz nmr spectrum of 2-methyl-2-butene indicates a doublet 
at 78.53 strongly coupled to the olefinic proton and a singlet at 78.49 
and at 78.39. The assignment of the latter two peaks was made by 
the stereospecific synthesis of cis-2-methyl-2-butene-1,1,1 ,3-dy 


from 2-butanone-1,1,1 ,3 »3-d, using Cornforth's elegant method@?. 


Thus the methyl group cis to the hydrogen on Cc, was found to be the 
one at lowest field. Figures 17, 18, 19 and 20 show the 100 MHz 


spectrum of 2-methyl-2-butene, its -d, isomer coming from I-d 


fa nd 
the other isomer coming from II-d, and the stereospecifically 
synthesized-d, isomer. 

Careful integration of the nmr spectrum of 2-methyl-2-butene-d,5 
indicated that the olefin derived from I-d> was greater than 94% VI, and 
II-d, produced 2-methyl-2-butene of greater than 96% V. Thus we 
conclude that I undergoes thermolysis via the intermediate IV and II 
goes via the intermediate III. This is consistent with the suggestion 
that the second methyl group at Cy in 4 ,4-dimethyl-1l-pyrazoline leads 
to steric crowding in the rate-determining transition state! >, 


The calculations from the nmr integrations were conducted as 


follows e.g. II-d, case: 


BE 
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Methyl group (c) is 50% hidden under (b). 
The thermolysis will give V via intermediate III and VI via 


intermediate IV: 


H CH D»5H CH 
ssh SBE SASS 
GaauiC c= G 
\ iy 
CD_H H CH, H 
VI (n,) V (ny) 
ty 
R = ——— 
IL, +1, 
I, = integration of methyl group (a) 
I, = integration of methyl group (b) 
I, = integration of methyl group (c) 


Taken into consideration that deuterium has no effect on the integration 


and the fact that methyl group (c) is half hidden under methyl group (b), 
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then: 
3n + ln 
7 A 
R 2 B 
In, + 3np + 1.5n, + 1.5n, + 1.5n, + 1.5n, 
z n, +n = |] 
A B 
In, + S(1*-"n 4) + 3 
Therefore: 
; 2n, tr 1 
peg) 
-2n, + 6 
And: 
BRO sae POG 2. 16H 05 
n [oe ee | (7.04 
A 
CH. R 2 


Because the pyrazoline oe was only about 96% deuterated, 
and the integration technique involves 3% error, then a correction 


for the result of the calculation will give 96 + 4% of the isomer V. 


EF. Conclusion 

The thermolysis of I-d, gave rise to essentially 94 + 4% of VI. 
Thus for all intents and purposes it appears that I thermolyzes exclusively 
through the intermediate III, and that Il thermolyzes through intermediate 
IV. Since both intermediates III and IV are capable of giving significant 
yields of 2-methyl-2-butene, it may be said conclusively that neither 
III nor IV is capable of a stereospecific ring closure to cis- or trans-1 ,2- 
dimethylcyclopropane — a condition required of such intermediates if 


they are to play a role in the singlet methylene addition to cis- and 
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trans-2-butene. We may also note that the concerted hydrogen migration 


4 predicts the wrong isomers (see Scheme C). 


mechanism of MeGreer's 


and 


Cornforth's Scheme as a Method for Stereospecific Synthesis of 


(3 
cis-2-methyl-2-butene-1,1,1 ,3-dy, E 


Ee 


This scheme for the stereospecific synthesis of olefins is an 


excellent one for our purpose. The scheme could be represented in 


the following way, e.g. the compound 2-chloro-3-butanone (A): 
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CH, CH, 
C 
HO H 
Nal ‘ N Hd 
c 2G Sad CH, 98% 
NaOAc a \ 
propionic acid CoHs5 I 
O CH, 
-20 
(3) D 
CoH, is 
SnCl, 
D Vian 81% 
POC 1, CH, CH, 
(4) 
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Notice that the ethyl group which was added with the Grignard 


reagent is cis tothe olefinic hydrogen. Thus if one starts from 2-chloro- 


3-pentanone adding methyl magnesium bromide, he will end up with 


the trans-isomer Gf + 


O Pt CH H 
| / CH3MgBr \ 3 
C — C—= CH as = 
“ : oli (2) es) / CH 
C,H, 1 (1) C.H 
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We used the same type of reaction on 3-bromo-2-butanone. This 


compound was synthesized from ethyl methyl ketone using the procedure 


of CatchtF 3 
O O O 
| Bro | | 
CH,C-CH,CH, CH>- C= CH CH, +t CH3Br-C-CH,CH; 
KC1O, 
HO Br 


Deeps 4, cation: b.p. 69° at 30 mm 
The low boiling isomer was separated by means of a spinning band 
column. The nmr of this compound is shown in spectrum number 14. 
The next step was to deuterate the cx-haloketone before going to the 
Cornforth reactions. Unfortunately all attempts failed to do so. 

Thus it was necessary to deuterate the ethyl methyl ketone before the 


halogenation step. 


O O 
| D,0 | 
CH,-C-CH,CH, ae eee CD)= C-CD) GH, 
0.1M KOH 
VII 


Bromination of VII using Catch's method gave 60% yield of 


3-bromo-2-butanone-1,1,1 »3-d, (VIII). 


O O 
| Br, | 
CD,—C-CD,CH, +> CD,—-C-CD-CH, + other isomer 
KC1O, | 
D,O Br 
60% Vili 


Since the procedure given by Cornforth to prepare the epoxide 
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from the chlorohydrin failed to give the epoxide with the bromohydrin, 


32 
the procedure of Reed and Reid was used: 


OH D O 
a KOH vaN 
CD_— C—C—CH ee! CD,— C—C- CH 
3 
2s ie i 40, Pala | 
CH. Br Perux . hr C D 
3 i Hi, 
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CHAPTER 4 
EXPERIMENTAL SECTION 


All boiling points are uncorrected. The infrared spectra were 
obtained on a Perkin-Elmer Model 421 spectrophotometer. The 
ultraviolet spectra were obtained on a Perkin-Elmer Model 202 
spectrophotometer. The nuclear magnetic resonance spectra were 
measured using Varian A-60 and HR-100 spectrophotometers , using 
tetramethylsilane (TMS) as an internal standard, and unless otherwise 
mentioned were run as 20% solutions in carbon tetrachloride. The 
mass spectroscopic measurements were carried out using the high 
resolution Vickers MS-9 mass spectrometer. Preparative gas 
chromotography was carried out on a Wilkens Aerograph Autoprep 


Model A-700. 
- Synthesis of cis-3 ,4-Dimethyl-1-pyrazoline (I) 


Diazomethane (6 g) in ether (150 ml) was added at -10° to dry 
cis-2-butene (approx. 75 ml) in a stainless steel pressure vessel. 
fo) 
After one week at 40 , the cooled vessel was vented and the resulting 


liquid fractionally distilled to give 6 g of a colorless liquid; b.p. g2° 


25 


(4 mm); Ny 1.4320. High resolution mass spectrometry gave a 


parent peak at 99.0848. Calculated for CoH , 99.0844. 


The nmr spectrum of lis shown in Figure 5; the infrared 
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spectrum in Figure 1 and its ultraviolet spectrum in Figure 3. 

A sample of high purity was obtained by preparative g.c. using 
a Ucon Insol (10%) on Fluropak support type column with a flow rate 
of 60 cc/min and temperature el The retention time of the pyra- 
zoline was 11 minutes. 

One should avoid the presence of any carbon tetrachloride in 
this purification procedure. If any is present, it will pyrolyze in the 
injection port and will tautomerize over 70% of the 1-pyrazoline to 


2-pyrazoline. 
. Synthesis of trans-3 ,4-Dimethyl-1-pyrazoline (II) 


Application of the same procedure as used for cis-3 ,4-dimethyl- 


l-pyrazoline, only substituting trans-2-butene resulted in a product 


25 


ofjb,p- cae (4 mm); Nh 


1.4286. Measured high resolution mass 
spectrum 99.0848 for C,H oN,- Calculated 99.0844. 

The nmr spectrum of II is shown in Figure 6; the IR spectrum 
in Figure 2; -the: UV spectrum in»Figure 3. 


A sample of high purity was obtained in the same way as that 


used for I. 
. Synthesis of cis- and trans-3 »4-Dimethyl-1-pyrazoline-d, (I-d, and II-d.) 


The same procedure as was applied previously was used to 


prepare cis- and trans-3 ,4-dimethyl-5 ,5-dideuterio-1-pyrazoline 
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(I-d., and II-d,). That is by the addition of an ethereal solution of 


dideuteriodiazomethane to cis- and trans-2-butene. 


Diazomethane was prepared by the method of Moore and ocd 


Dideuteriodiazomethane was prepared by base catalyzed 
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deuterium exchange of diazomethane~” with heavy water (D,O). 


Synthesis of cis-2-Methyl-2-Butene-1,1,1 »3-d), 


(a) Procedure for the Deuteration of Ethyl Methyl Ketone: 

A solution of 0.1M potassium hydroxide in deuterium oxide 
(50 ml) was added to ethyl methyl ketone (72 g) and was refluxed 
overnight. Next day the solution was cooled and potassium carbonate 
was added to a saturated solution. Layers were separated and 
another 50 g of 0.1M potassium hydroxide in deuterium oxide was 
added to the upper layer. The same thing was repeated three times. 
The nmr of the deuterated ketone showed over 80% deuteration which 


was enough for our purpose. 


(b) Preparation of Methyl Grignard Reagent: 

Methyl bromide (45 ml) was added dropwise to 16.5 g of 
magnesium in 250 mlether. The reaction vessel was a 500 ml round 
bottom flask connected to an efficient reflux condenser and the reaction 


was carried out under nitrogen. 
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(c) Preparation of the & -Haloketone: 


This compound was synthesized from ethyl methyl ketone using 


the procedure given by GC eeaticce 


(d) The Bromohydrin Preparation: 


Methyl magnesium bromide (4 ml) prepared previously, was 
cooled to -70° and stirred during addition (10 min) of 5 ml of the 
x-halocarbonyl compound (VIII) dissolved in a little ether. After 
10-15 min a slight excess of acetic acid in ether was added; the mixture 
was brought to room temperature and diluted with water. The aqueous 
layer was extracted once with ether and the combined ethereal solutions 
were washed with water, aqueous sodium bicarbonate and water. From 
the dryed (MgsO,,) solution, the bromohydrin was isolated by distillation, 
Dip, 57-58° at 15mm. The nmr of the bromohydrin (IX) is given in 


spectrum number 15. 


(e) Preparation of the Epoxide: 


ee 
This was prepared using the procedure of Reed and Reid . 


The bromohydrin (3-bromo-2-methyl-2-butanol) (13 g) was 


added to KOH (4.5 g) dissolved in 37.5 ml HO, the mixture being 


2 
heated for 1/2 hr on the water bath (reflux) with frequent shaking. 


After the upper oily layer had been separated, the aqueous liquid was 


distilled until no more oil passed over; upon adding the distillate to 
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the oily layer, drying the mixture with anhydrous Na,SO and distilling 


4 


it, the whole (3.2 g) passed over at 74-78°; a 102 On. 


(f) Stereospecific Reduction of Iodohydrin from trans -2:3- 


Epoxy -3- methylbutane-4,4,4 ,2-dy: 


The epoxide (VIII) (0.95 g) was added to a cooled (- 20x) solution 
of sodium iodide (2.5 g) and sodium acetate (0.25 g) in acetic acid 
(5 ml) and propionic acid (10 ml). After 30 min the mixture was 
warmed to room temperature and poured into ether and aqueous sodium 
hydrogen carbonate. The ether was washed with a little sodium hydrogen 
sulphite and with water , dryed (MgSOy), and evaporated at low pressure. 
The iodohydrin (1.5 g) was added to a cooled (0°) solution of anhydrous 
stannous chloride (4 g) in pyridine (15 ml). Phosphoryl chloride (1 ml) 
in pyridine (3 ml) was then added with cooling. The mixture solidified 
after a few minutes. Next day, water was added andthe olefin was 
distilled. The receiver was kept at -10°. The distillate (0.5 g) was 
chromatographed in a g.c. apparatus using a 10 ft. 20% DMS on 
Fluoropak column at room temperature and 20 cc/min flow rate, 
helium was used as the carrier gas. The olefin peak was trapped in 
liquid nitrogen (retention time was 11 min) and its 100 MHz nmr spectrum 


was obtained (see spectrum number 20). 
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EF. Kinetic Procedures 
(a) The Thermolysis of the Pyrazolines: 


1,3 ,5-Triethylbenzene was used as the refluxing liquid, and 
the glass bulbs containing the pyrazolines were hung in its vapour. 
This liquid boils at 218° which was a suitable temperature for the 
thermolysis. After three hours, the bulbs were removed, and were 


broken inside a bulb crusher which was a part of ag.c. apparatus. 
(b) Kinetic Measurements: 


The reactor system for the kinetic measurements was the 
25 . ee 
same as designed by Smith et al ~ and as was slightly modified by 
27 
Crawford ©. The thermocouple used for measurement of temperature 
was a four-junction chromel-alumel type. <A diagram of the experi- 


mental arrangement for the kinetic measurements is shown in 


Figure 21. 


E, Product Analysis and Identification 


(a) The Bulb Crusher: 


A schematic diagram of the bulb crusher , used to study the 
products by g.c., is shown in Figure 22. A could be fitted into B 
and the chamber C completely closed by screwing the top of A into 


that of B. B was preheated by means of electric heating tape wound 


Figure Zl 


Schematic diagram for the arrangement of kinetic measurements in 


the thermolysis of 1-pyrazolines. 


A = Reactor J = Ice-water cold junction 
B = Relay K = Potentiometer 

C = Manometer L = Thermocouples 

D =Small Ballast M = Heaters 

E = Nitrogen Tank N = Needle Valve 

F = Big Ballast P = Glass-wool insulation 
Crp al ranediicer R = Cold Trap 

BH = Diaphragm S =Solenoid Valve 
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Figure 21 Schematic diagram of the bulb crusher. 
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around it, and the temperature inside C was maintained at about B70 C. 
The bulb to be broken was put inside C, which was subsequently closed 
and then helium was allowed to flow through it. When the system was 
at equilibgrium, the bulb was crushed and the product analyzed by 


conventional g.c. methods. 
(b) Identification and Estimation of the Products: 


The products were identified mainly by comparison of the 
retention times and peak-enrichment with the authentic samples on 
four g.c. columns. The best of the four was found to be a combination 
of 10 ft 20% DMS on Fluoropak and 24 ft of silver nitrate-saturated 
propylene glycol on firebrick. The conditions of the columns and 
the retention times of the products are given in Table III. All the 
authentic samples for g.c. comparisons were available at the 
Chemistry Department of the University of Alberta. The comparisons 
of the infrared spectra products with the authentic samples are given 
in Figures 9, 10, 11 and 12. The nmr spectra of the products were 
in agreement with those given in a previous work ae for the same 


compounds. 


Isolation of 2-Methyl-2-butene from the Thermolysis of Deuterated 


Pyrazolines 


A special spiral trap 10 ft in length was connected to the reactor 


O° OT! twods 38, baibtianineh meiiniabint1 | RYT 
beeolo ylinsupsedue ssw doidw .O sbieai pram ag Ao do | HE! 
4 ~*~ y 
asw mioteye oft aodW = .dt dguast walk ot bowolla sam su 13 be + bs 
a na ay bis . % 1 : 


Vian 


yd besyisas ioubotq sedi bas bedeuso asw sini ihe 


0 selqmse olinedius edt dtiw taomdoisne-dneg bee 


ods to saad oT . sete 


betsiuise-oistiia zsvliea to 11 }S bas Asqo20ult wale Mi 
Pit 


brs anrnnto> ent to a edT .Adixde tit - 


noltsnid mod s od ot bawot ew uot 


edt LA . sideT ai nevig 2 %s atoubotq od to : a 
ed? ts sidslisvs 9197 amo aitsqgmoo ae eo. 

caer + 9 od -sttedi A, ” iietovial eft to fr | 
nevig 976 wind 2 vismadte eds diiw atouborg ; us > 
stew etoubo1q ails 10 axheiell “renin edT Sf bas 1 
ornis 8. eit 102 prions ewoivest 8 i nov ao 


58 


arrangement of the kinetic measurements (see the diagram Figure 21, 
between T and the vacuum). The products of the thermolysis from 
three injections (50 microliters each) were trapped in the spiral using 
liquid nitrogen as the cold bath. The spiral was closed and then 
removed. Ina special g.c. arrangement, the spiral trap was connected 
between the cylinder of the carrier gas (helium) and the g.c. column 
suitable for the analysis. The g.c. column used and the conditions 
were those mentioned in the identification part. The peak of the 
compound (retention time 16.8 min) was collected in a trap, liquid 
nitrogen was used as the cold bath. The trap was quickly connected 
to a vacuum rack, and through alternate melting and freezing, the 
sample was introduced into an nmr tube which was subsequently 


sealed using 20% chloroform in deuteriochloroform as a reference. 
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